Introduction
Brief, non-injurious seizures evoked by repeated exposure to minimal electroconvulsive shock (ECS) have been shown to decrease vulnerability to neuronal cell death in limbic system regions (Kondratyev et al., 2001; Masco et al., 1999) , and increase mRNA levels for nerve growth factor (NGF) in some of these brain areas, including hippocampus and rhinal cortex (Kondratyev et al., 2002) . Chronic (over the period of 7 days) ECS also resulted in a sustained increase in both mRNA and protein for another neurotrophic factor, basic fibroblast growth factor (bFGF, also called FGF-2) (Gwinn et al., 2002; Kondratyev et al., 2002) . Since these trophic factors have been shown previously to possess potent protective activity against excitotoxicity-related cell death (Dixon et al., 1997; Frim et al., 1993; Hefti et al., 1993; Liu et al., 1993; Montero and Hefti, 1989) , we hypothesized that the induction of signaling associated with the neurotrophic factors represents a potential mechanism for the neuroprotective action of chronic ECS treatment. In this study we examined protein expression levels of NGF and its specific receptors following chronic ECS exposure.
NGF plays an important role in the differentiation, survival, plasticity, and repair of neurons (Hefti et al., 1993; Mattson et al., 1995; Sofroniew et al., 2001 ) and has been shown to increase in the brain after neuronal stimulation and/or injury (for review, see Hughes et al., 1999; Jankowsky and Patterson, 2001; LeviMontalcini et al., 1996) . For example, an increase in NGF mRNA has been shown during processes that accompany memory consolidation (Woolf et al., 2001 ) as well as after injury induced by ischemic insults, prolonged seizures, and epilepsy (Elliott and Gall, 2000; Gall and Isackson, 1989; Jankowsky and Patterson, 2001; Lauterborn et al., 1994; Lee et al., 1998; Poulsen et al., 2004) . In addition, intense neuronal stimulation without injury also resulted in upregulation of NGF. Widespread increases in NGF mRNA (but not in trkA mRNA (Bengzon et al., 1993) ) and protein were found following kindling-induced seizures (Bengzon et al., 1992; Morimoto et al., 1998; Sato et al., 1996) . Moreover, an increase in mRNA for NGF has been demonstrated following brief, non-injurious, recurrent limbic seizures evoked by focal administration of the GABA receptor antagonist bicuculline into the area tempestas, an epileptogenic site within the anterior piriform cortex (Piredda and Gale, 1985, 1986) as well as after ECS exposure (Follesa et al., 1994; Kondratyev et al., 2002) Repeated (but not acute) exposure to brief, non-injurious seizures evoked by minimal electroconvulsive shock (ECS) decreases neuronal death in limbic system and increases mRNA levels for nerve growth factor (NGF). Thus, the induction of NGF is a potential mechanism for the neuroprotection evoked by repeated ECS. The neuroprotective action of NGF is mediated by the TrkA receptor. This study determined whether repeated ECS exposure increased TrkA and NGF protein levels. To determine the functional significance of changes in these proteins, we compared the effects of ECS given daily either for 7 days (chronic ECS) or for 1 day (acute ECS). After chronic ECS, upregulation of both NGF and TrkA was found in perirhinal cortex, thalamus, and amygdala. In hippocampus, TrkA was upregulated in CA2, CA3 and CA4. NGF increase in hippocampus was found in CA1 and dentate gyrus. In frontal cortex and substantia innominata, an increase in NGF (but not in TrkA) was found. In most brain regions, TrkA and NGF remained unchanged after acute ECS. Our results demonstrate that repeated exposure to ECS causes an upregulation of TrkA and NGF proteins in several limbic areas in which neuroprotective effects are observed suggesting that NGF contributes to ECS-evoked neuroprotection.
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